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ABSTRACT 
Taylor Alicia Edmonds: Flooding at the University of North Carolina at Chapel Hill Student 
Recreation Center 
(Under the direction of Peter Kolsky) 
On June 30th, 2013 a storm moved across Chapel Hill, NC causing flooding at a number of sites 
on the University of North Carolina at Chapel Hill campus. The Student Recreation Center 
(SRC) site located on campus at South Road experienced severe flooding which resulted in over 
$107,000 in damages. Field investigations by the UNC staff suggested a significant causative 
factor was mulch from the site that blocked several storm drain inlets and prevented runoff from 
entering the local storm pipe network. This study sought to identify all possible causes and 
quantify their significance. Eight technical options were developed and compared against five 
criteria using a combination of hydraulic modeling, technical consultations, and field 
observations. Two of the options, adding new inlets and soldier courses (mulch barriers), were 
incorporated in the recommended solution. An implementation plan was prepared, including 
costs which were approximately compared with costs from flood damages averted.  
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CHAPTER 1: INTRODUCTION 
 
 On June 30th, 2013 a major rainstorm occurred and caused significant flooding on the 
University of North Carolina at Chapel Hill (UNC) campus. The storm resulted in a 24-hour 
rainfall total of 4.3 inches and had a 15 minute duration return period of 2 years (Hoyt). One site 
in particular that suffered substantial damage was the Student Recreation Center (SRC). 
Flooding at this site resulted in over $107,000 worth of damage. Therefore the work described in 
this Technical Report seeks to: (1) identify and define the problem clearly enough that it is 
amenable to engineering approaches; (2) determine a set of technical options for fixing the 
problem and select the best solution from the options; and (3) create an implementation plan. 
This was done through three briefs submitted over the past year. The first, “Brief #1: Problem 
Identification Brief” (Edmonds 2013), investigated potential causes of flooding at the SRC site. 
This process involved identifying site characteristics, analyzing historical rainfall data, and 
calculating basic inflow and outflow magnitudes at the SRC site. The second, “Brief #2: Solution 
Identification Brief” (Edmonds 2014a), analyzed and evaluated a range of technical options to 
address the causes of flooding identified in Brief #1. Within Brief #2 eight technical options 
were identified and described and then compared using five criteria. After the comparisons a 
recommended solution that included two of the eight options, (adding five new inlets and 
additional soldier courses to the landscaping of the site), was developed. Finally, “Brief #3: 
Implementation Brief” (Edmonds 2014b) gave an overview of how the preferred solution was to 
be implemented on the site. A range of eight topics relating to the implementation procedure was 
2 
identified and analyzed. This report synthesizes these three briefs to present the investigation, 
analysis and planning required to implement a solution to minimize or prevent future flooding at 
the SRC site.
3 
CHAPTER 2: PROBLEM IDENTIFICATION 
 
Introduction 
 The UNC Student Recreation Center is located at 208 South Road, Chapel Hill, NC. The 
site considered encompasses the SRC building and its immediate surroundings. The SRC 
building is a fitness center, built in 1991 (Facilities 2014b), designed to provide UNC students 
and employees with access to cardio exercise and weight training equipment as well as group 
fitness classes.  
 Flooding events from the June 30th, 2013 storm resulted in over 5 feet of floodwaters as 
well as clogged drain inlets and flooded doorways; such damage provoked interest from the 
Energy Service Department (responsible for drainage at UNC) in the causes and mitigation of 
flooding at the SRC. The initial factors to be examined included undersized pipes, an improperly 
connected drainage system and inappropriate landscaping as plausible contributing factors to 
flooding at the site.  Investigations included examination of historical flooding problems at the 
site, the related economic and health costs, and the current site characteristics. Also included in 
this investigation was a preliminary assessment of the current drainage system to determine 
whether pipes in the system had adequate capacity, if critical pipes and inlets in the system were 
unconnected and/or whether blockages in the inlet drains restricted runoff from entering the 
drainage network. 
The Nature of Flooding Problems 
 Before entering into the site-specific details of the SRC, it is helpful to review the wide 
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range of possible causes of flooding. Drainage systems can be thought of as chains, which are 
only as strong as the weakest link; a bottleneck anywhere in the system limits the capacity of the 
whole system. When precipitation reaches the ground, the local topography may not allow it to 
drain to an inlet, and local ponds may form or, when precipitation is able to reach an inlet, the 
inlet into the system may be too small to drain the water away from the site.  Alternatively, the 
inlets may be adequate in size but obstructed with litter, solid waste, or mulch.  Flooding can also 
occur when too much water is draining into too few inlets or when upstream flow into the system 
is so great that there is not enough capacity for downstream flows to enter into the system. 
Furthermore it is imperative to confirm that all the drain inlets within the pipe network are 
connected to the system to ensure they are able to drain water away from the site.  Other capacity 
constraints which can contribute to flooding include the inadequate pipe sizes and/or inadequate 
slopes. Finally, if downstream pipes are overloaded, this can cause a backup in the system and 
cause flooding at the site of interest.  All of these potential causes of flooding will be further 
investigated in terms of the SRC pipe system to determine the reasons for flooding at the site so 
that alternative solutions can later be determined. 
Significance of the Problem 
Impacts of Flooding at the SRC 
 
 Adequate drainage to prevent flooding on UNC’s campus is important to reduce the cost 
of flood damage and protect public health.  Figure 1 and Figure 2 illustrate one potential cause of 
flooding as well as the magnitude of the flooding problem at the SRC site.  The UNC Facilities 
Services department took these photos after a particularly severe storm on June 30th, 2013.  
Figure 1 depicts storm inlet drains that have been clogged with mulch outside of the SRC 
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entrance.  In Figure 2, the waterline that can be seen on the SRC doors indicates that the 
floodwaters reached over 5 feet of standing water at the site. 
 
 
Figure 1: Mulch clogging the trench drains at the SRC entrance June 30th, 2013 
 
Figure 2: Mulch clogging basement entrance trench drain and standing water line from June 30th, 2013 
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In addition to damage to the outside structures during the June 30th storm, flooding also occurred 
inside the SRC building as seen in Figure 3.  In this figure, a carpeted office was filled with 
floodwaters as indicated by the waterline on the bottom of the cardboard boxes.
 
 
 
Figure 3: Flooding damage to carpet and boxes inside the SRC building (Bristol 2013) 
Cost  
 Flood damage can have significant costs for both clean up and repair both inside and 
outside a site’s structures.  In the case of the June 30th flooding, it was estimated that the flood 
caused over $107,000 in damage to the SRC site. This includes about $25,000 for labor, almost 
$9,000 for materials and over $73,000 for contractor work (Bristol 2013).  
Health Risks 
 
 Public health and safety are two other important factors to consider during and after 
flooding events.  Risks to safety, which are usually of most concern during the flooding event, 
for this site would most likely concern passers-by, such as pedestrians, wading through the water 
and falling or being struck by debris hidden within the floodwaters.  Public health concerns 
include psychological distress from flooding, risk of indoor air pollution from mold caused by 
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flood damage to the interior building surfaces, and the flooding of local sewers potentially 
spreading hazardous fecal matter throughout the site and downstream via the floodwaters 
(Minamiguchi 2008). 
Site Background 
Site Characteristics 
 
 The SRC site is located on UNC’s central campus across from the Student Union and 
Student Bookstore as seen in Figure 4. 
 
 
Figure 4: SRC site as located on UNC campus map (Facilities 2014a)  
South Road 
 
 Discussions with the UNC ESD and field observations during a storm on May 15
indicated that the watershed for the SRC site
the east, half of South Road on the north and Stadium Drive on the west and South. Figure 
displays all of the catchment areas
for each catchment can be found in Table 11 in Appendix D.
The catchment area of the SRC was calculated to be about 1.75 acres. The SRC site 
contains brick paved areas as well as grass lawns and natural areas. Using the area tool in the 
TerraGo Adobe plugin (TerraGo 2013), it was determined that brick paved areas comprise about 
25% of the site; the grass lawn areas about 15% and the natural
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 includes the areas surrounding the SRC building on 
 (in green) that make up the SRC site watershed area.
  
Figure 5: SRC catchment areas 
 areas comprise the other 60%. 
th
, 2014 
5 
 The data 
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The Natural Resources Conservation Services Soil Survey (USDA 2013) classifies the brick 
paved areas and grassy areas as urban land and the natural area is considered sandy loam soil 
with a 2% to 6% slope (Figure 6).  These classifications were used when calculating site inflow 
and outflows as explained later in this chapter and in Appendix B. 
 
Figure 6: Map of the SRC site soil types (USDA 2013) 
The current drainage system of the SRC site is shown in Figure 21 in Appendix C.  The system is 
made up of a central network of pipes including a 12” pipe, two 15” pipes and an 18” pipe. There 
are smaller pipes that feed into this central network which all drain into a 24” pipe that drains the 
water away from the site into a larger campus pipe network system. All of the pipes in the 
system can be identified in Figure 7 and the data associated with each pipe can be found in Table 
10 of Appendix D.  
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Figure 7: SRC pipe drainage network layout 
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 Part of the initial site characteristic investigations included verifying that the elements 
labeled in the map, Figure 8, provided by Sally Hoyt with the ESD, matched the element layout 
at the site. A close up version of this map can be seen in Figure 21 in Appendix C. In some areas 
UNC Energy Services staff investigated the inlets using a pole mounted manhole and pipe 
inspection camera, a camera inserted into the drainage network to view the inlets and pipes in the 
system, to verify the SRC network. One inlet in particular, 211-C-098, was shown on the original 
map without any connections to the system and using the camera, the connection as seen in 
Figure 21 in Appendix C was verified. Another element that needed verification was the pipe 
crossing South Road that connects inlets 211-C-138 and 211-C-130, seen in Figure 8. Using the 
inspection camera the UNC ESD verified that the inlet could be treated as blocked and therefore 
the system north of South Road and the SRC system are not connected. The ESD believed that 
this connection had been purposely blocked some time in the past but did not have records to 
verify this. Using the inspection camera, the staff could see a large amount of standing water at 
the bottom of inlet 211-C-138 but no water was seen exiting inlet 211-C-130. This indicated that 
the block in this pipe was accurate and therefore the two systems could be treated as 
unconnected.
12 
 
Figure 8: Map of labeled pipe network surrounding and including the SRC site 
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Rainfall Data 
 
 The rainfall data for the SRC site comes from the National Oceanic and Atmospheric 
Administration (NOAA) National Weather Service data (NOAA 2013).  The precipitation 
intensity data was collected from the Chapel Hill 2 W station.  This station is located 
approximately 1.8 miles from the SRC site. The data includes rainfall intensities for varying 
durations, and storm recurrence frequencies. Rainfall intensity is the rate at which rainfall occurs 
(expressed in inches/hour), duration is the length of time (in minutes) for which that intensity 
occurs and frequency describes how often the rainfall intensity at that duration occurs (expressed 
in terms of a mean recurrence interval, or return period). The rainfall intensity data exists for a 
range of storm durations and return periods and can be found in Table 3 of Appendix A.  The 
data can also be more easily viewed in the form of intensity–duration–frequency (IDF) curves.  
A full set of these curves can be found in Figure 18 in Appendix A, and the IDF curves used can 
be found below in Figure 9.  
 Figure 9
Site Inflow & Outflow 
 
 As a preliminary analysis t
of the site was determined. The rational method (H
for runoff estimation is used to determine the peak inflow of water into the SRC site. The overall 
peak flow into the SRC site was calculated to be 2.8 cfs with a time of concentration of 25.
minutes for a 5 year return period storm
24” pipe, which drains the water away from the site. The Chapel Hill storm sewer required 
minimum velocity is 3 ft/s, which ensures the flow can remove s
(Town of Chapel Hill 2004).  This velocity was used to estimate that the 24” pipe could remove 
about 14 cfs from the site.  Therefore the pipe appears more than adequately sized to handle the 
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: IDF curves for the SRC site (NOAA 2013) 
o assess flooding at the SRC site the flow of water in and out 
aestad 2007, 141), discussed in
.  As seen in Figure 8, the pipe system drains into a final 
ediment buildup within the pipe
-year return period as long as there is no inflow from
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upstream systems and the pipes downstream are not already surcharged. Next the pipes within 
the SRC drainage system were assessed to ensure there are no undersized pipes in the network 
before the 24” pipe. Using the method described in Appendix B, (which combines the rational 
method with approximate pipe capacity estimates), the required pipe sizes for major pipes at the 
SRC site were determined for a 5-year storm. These preliminary calculations were done to get an 
estimate on the pipe capacities. More rigorous calculations were done with a hydraulic model 
that assessed a 100-year storm as discussed in Chapter 3. It was determined in the preliminary 5-
year storm calculations that all but one pipe on the site was properly sized for this storm 
frequency.  Pipe 8, as seen in Table 6 in Appendix B and identified in Figure 7, was about a half 
an inch too small to handle the storm flows. Further inflow and outflow analysis done using the 
hydraulic model in Chapter 3 gives a better estimate of whether the pipes are sized correctly for 
the 5-year storm and for larger, less frequent storms. 
From the investigation into past storm events, site characteristics and preliminary inflow 
and outflow calculations it can be suggested that the source of the problem of flooding at the 
SRC is mulch clogging the inlets. Further analysis of the problem will be explained in more 
detail in Chapter 3. 
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CHAPTER 3: TECHNICAL OPTIONS ANALYSIS 
Introduction 
 Next a set of options was developed aimed at addressing the cause of flooding and 
determining a solution or set of solutions to the problem. The development and evaluation of 
these options was done through discussions with UNC facilities employees knowledgeable about 
campus drainage, the development and use of a hydraulic model to assess the capacity of the 
current pipe drainage system, and field observations during significant storm events. The options 
are presented and described in some detail, methods for their analysis are explained and the 
options are then compared against a common set of performance criteria.  
Technical Options 
Eight technical options were analyzed and compared; (1) increasing pipe sizes, (2) 
increasing inlet sizes, (3) adding inlets, (4) rerouting walkways (to allow for more effective inlet 
design), (5) using mulch alternatives, (6) adding mulch barriers, (7) adding flood proofing 
measures, and (8) doing nothing. Increasing pipe sizes and inlets can address any identified 
bottlenecks in the system to admit and route stormwater away from the SRC site to prevent 
flooding. Adding inlets can also help route water away from the site and can be placed in areas 
where they are needed most such as near the entrance doors where much of the observed 
flooding has occurred. The additional inlets can also have larger slots or more effective shapes to 
reduce or manage clogging. The inlets and pipes in the current drainage system analyzed for 
these options can be seen in Figure 8 and in closer detail in Figure 21 in Appendix C. Rerouting 
walkways is an option to alter the way foot traffic moves around the site. The types of
17 
drainage inlets, which can be used along the walkways near the entrance of the building, are 
currently constrained by the Americans with Disabilities Act of 1990 (ADA) regulations. To 
comply with ADA the inlets must have small slot openings so trench drains with small slots are 
used at the SRC site. Unfortunately, these narrow slots can easily become clogged. By rerouting 
the walkway or the pedestrian path to the building entrance, larger inlets or alternative inlets can 
be used instead of the ADA regulated trench drains. 
This study also considers landscaping materials other than mulch, mulch alternatives that 
are less likely to be washed out of the planter beds by stormwater. These could be materials such 
as gravel, grass, non-buoyant mulch such as shredded rubber or cyprus, or the addition of small 
shrubs and plants with no mulch underneath them. Another option that would prevent mulch 
from reaching the inlets is the addition of more soldier courses at the SRC site. A soldier course 
is a small brick wall that is placed around a planter bed to keep mulch and leaves from leaving 
the bed. An example of an existing soldier course at the SRC site can be seen in Figure 10 below. 
 
Figure 10: Existing soldier course at the SRC site 
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Another considered option is the addition of flood-proof doors to the SRC entrances. These 
doors would prevent stormwater from entering the SRC entrances and minimize the amount of 
internal destruction from floodwaters. The final option is a “do nothing” option in which no 
changes are made to the site and the consequences of flooding are endured. 
Methods for Analysis of Options 
 
 Three methods were used to analyze the eight options: creation and use of a hydraulic 
model; consultation with employees of the UNC Energy Services Department (ESD) and 
Facilities Planning Department (FPD); and observation of significant storm events at the site. 
Drainage Modeling 
 
 The hydraulic model was used to evaluate the pipe sizes, inlet sizes, connections and 
effect of mulch on the drainage network. A model was created using the Bentley StormCAD 
drainage software (version 08.11.03.84). This model employs the rational method to estimate 
peak flows of a defined return period throughout the drainage network, and uses steady-state 
open channel flow modeling to predict the hydraulic and energy grade lines throughout the 
network associated with such peak flows. The method and data used in creating the model can be 
found in Appendix D. The model was created to demonstrate the capacity of the SRC network 
system to manage a storm with a return period of 100 years. A 100-year return period is required 
by the UNC Stormwater design standards, for an area such as the SRC site in which no overland 
emergency flow route exists (Facilities 2010).  
 The hydraulic model indicated that minimal flooding would only occur in one inlet, 211-
C-100, which is a small trench drain located near South Road, indicated in Figure 8. Figure 21 in 
Appendix C identifies all manholes, inlets, catch basins, outfalls and conduits at the SRC site and 
surrounding it. From the model prediction of maximum water surface elevation and by analysis 
of the hydraulic profiles created by the mo
that the pipes and inlets in the SRC stormwater network have been adequately si
least a 100-year return period storm.
Figure 
 
Technical Consultations 
 
 A meeting was held on February 24, 2014 with two employees from the UNC Facilities 
planning department, Masaya Konishi, the Facilities Architectural Supervisor, and Jill Coleman, 
the Landscape Architect, and from the department of Energy Services, Sally Ho
Stormwater Systems Engineer. This meeting addressed the options of rerouting walkways, 
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del, an example seen in Figure 11, it was determined 
 
11: StormCAD hydraulic profile example 
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landscaping practices, and flood proofing measures. From this meeting several options were 
ruled out and adjusted.  
As explained by Jill Coleman, the option for removing the mulch surrounding the SRC is 
considered infeasible if the landscaping requirements and standards of UNC are to be met. It was 
suggested by Sally Hoyt that an alternative would be to add more effective barriers around 
planted areas that contained mulch.  
It was also noted by Jill Coleman and Masaya Konishi that flood-proof doors at the SRC 
entrance would be impractical due to the required training and advanced warning required for 
operating the doors.  
Finally, it was suggested by Sally Hoyt, that as an alternative to the trench drains, which 
are located directly in front of the SRC entrance, larger inlets could be added in front of the 
entrance and the walkway material could be adjusted to abide by ADA regulations. These 
adjustments could include adding planters, a stone wall, or grouted rock as to distinguish the area 
from the surrounding brick walkway entrance path. 
Field Observations 
 
The third method used in evaluating the solutions to the problem of flooding at the SRC 
site was through observation of storm events on June 30th, 2013 and May 15th, 2014. The 
observations from the June 30th storm were made by the staff of the UNC Energy Services 
Department the day following an estimated 4.3” of rain over a 24hr period on June 30th, 2013 
(USGS 2014).  During these observations it became apparent that mulch clogging the inlet drains 
was a likely cause of flooding at the site. As seen in Figure 1, mulch clogging the trench drains at 
the SRC entrance prevented water from entering the drainage system and allowed water to enter 
the first floor of the building. In Figure 2, it can be seen that mulch in the trench drains in front 
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of the basement level doors caused standing floodwaters of more than 5 feet and allowed water 
to enter the basement level of the building. 
The observations during the May 15th, 2014 storm were made from about 9-10pm.  
Approximately .5 inches of rainfall fell during this time following about 3.4 inches before 9pm; 
the total precipitation of the day is estimated at 3.9 inches (USGS 2014). Observations during 
this hour were used to better assess the total catchment areas for each inlet, to assess the effect of 
mulch and other debris on the inlets and to identify other areas that could contribute to flooding 
at the site. No mulch was found in any of the drains that had been clogged with mulch in the 
June 30th, 2013 storm event. Inlet 211-C-105, indicated in Figure 8, however, was clogged with 
large amounts of leaves as seen in Figure 12 below. Although the inlet was not functioning 
properly, it was observed that runoff was able to flow over the inlet and down a brick pathway 
into a larger inlet, 211-C-129. Regular long term operation and maintenance at the site will 
ensure that trees near this inlet are trimmed and that no erosion takes place along the brick 
pathway where the runoff bypasses. 
 
Figure 12: Inlet 211-C-105 clogged with leaves during a storm event on May 15th, 2014 
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It was also observed during the May 15th, 2014 storm that water was entering beneath the glass 
window structure of the SRC entrance from runoff overflowing the entrance roof gutters. The 
water overflowing from the gutters overflowed in front of the glass window and splashed 
beneath the doors and into the lobby bay area. This suggests that the gutters need to be resized or 
inlets should be added adjacent to the entrance doors and glass window structure. (Note that 
resizing the gutters offers no assurance against gutter blockage.) 
 From the analysis of the drainage modeling, technical consultations and field 
observations it can be concluded that flooding at the SRC site results not from the inadequacy of 
the drainage network but from the inability for runoff to enter the drainage system. 
Explanation of Criteria 
 
 The eight options outlined above were compared according to five major criteria. These 
criteria include: effectiveness of protection against flooding and flood damage, cost and ease of 
implementation, cost and ease of operation and maintenance, environmental impact, and 
disruption during construction and maintenance.  
 The effectiveness criterion describes how effective the option is at preventing flood 
damage to the site. For this criterion the “high” ranking means the option prevents most flood 
damage, “medium” means it prevents some flood damage and “low” means it prevents little 
flood damage. 
 The next criterion is whether the option is of low cost and easy implementation. For this 
criterion the high ranking means the project can be done in-house by UNC Facilities Services 
staff, the medium ranking means the project falls under a University informal bidding process 
and will have on call contractors bid, and a low ranking means the project is considered a 
University 
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capital project and costs could exceed $500,000. The ranking categories for this criterion are 
based on the advice of the UNC Energy Services Department. 
 The ease of operation and maintenance criterion ranks the amount of maintenance, 
training and operational procedures required for the option. A high ranking means there is little 
maintenance required and no training or operation procedures, a medium ranking means there is 
some maintenance required and no training or operation procedures and a low ranking means 
there is frequent maintenance required and/or training and operation procedures. 
 The minimal environmental impact criterion describes the amount of impact to the local 
environment caused by the option. A high ranking means that there is little impact to local 
environment, a medium ranking means there is some impact to local environment and a low 
ranking means there is a large impact to local environment.  
 The final criterion, minimal disruption, indicates the amount of disruption the option will 
cause to pedestrian and vehicle traffic around the site. A high ranking indicates very little student 
and/or traffic disruption, a medium ranking indicates some student and/or traffic disruption and a 
low ranking indicates large and/or long student and/or traffic disruption. 
Comparison of Technical Options 
 
 Each option, as seen in Table 1, was rated high, medium or low according to the criteria 
described above and was color-coded to help visualize the comparison between options. Green 
indicates the highest ranking of the option according to the criterion, red the lowest and yellow a 
ranking in between the other two. The options have also been listed so they are ranked from best 
overall performance to worst. Therefore options with the most green and yellow rankings are at 
the top and options with the most red and yellow categories are at the bottom.
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Table 1: Criteria for comparison of solution options at the SRC site 
Options Effectiveness 
Low Cost & 
Easy 
Implementation  
Ease of 
Operation & 
Maintenance 
Minimal 
Environmental 
Impact 
Minimal 
Disruption 
Mulch Barriers Medium High High High High 
Inlet Additions High Medium High High Medium 
Mulch Alternatives Medium Medium Medium High High 
Rerouting Walkway Medium Medium High High Medium 
Inlet Resizing Low Medium High High Medium 
Flood Proofing Doors Medium Medium Low High Low 
Pipe Resizing Low Medium High High Low 
Do nothing None None None Medium Low 
 
Environmental impact for all of the options is considered a high ranking except for the do 
nothing option in which it is considered to be medium. The first seven options would have 
minimal impacts to streams, wetlands, trees or groundwater. The changes made by these options 
are not significant changes on the existing local environment of the SRC site. The do nothing 
option would have a medium ranking for minimal environmental impact because flooding at the 
site has a negative impact on the environment due to the presence of standing water. 
The first option, mulch barriers, is considered of medium effectiveness because although 
it does not remove or route water away from the site it is expected to prevent flooding from 
clogging of the inlets by mulch. This option is low cost and easy to implement because addition 
of masonry soldier courses can be done in-house by the Facilities Services Department. The 
operation and maintenance are also low because once the walls are in place only routine 
maintenance will be required to ensure that mulch is not building up behind the soldier course. 
Finally the disruption from this option is considered low because it would not disrupt local 
vehicle traffic, pedestrian traffic could be rerouted during construction, and the construction time 
is relatively short.
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The second option, inlet additions, is considered highly effective because it routes water 
away from the entrances into a drainage system shown to have capacity to manage the flow and 
can be designed to prevent mulch from entering the system.  The option is foreseen to have 
medium cost and will be moderately easy to implement because contractors will need to be hired 
to add the inlets and connect them to the existing pipe network. It is considered to have low 
operation and maintenance because once the inlets are in place only regular clean out 
maintenance will be required. Finally the option is considered to only involve moderate 
disruption because although vehicle traffic will not be affected, there will be some disruption to 
pedestrian traffic near the entrance doors. 
The third option, mulch alternatives such as gravel or bare ground, is of medium 
effectiveness because using other materials could reduce clogging of inlets at the site but does 
nothing to transport water away from the site. This option is low cost because the UNC Energy 
Services department can implement it. However this alternative is not considered easy to 
implement as the University aims to have uniform landscaping practices throughout campus and 
altering the typical mulch landscaping would not be ideal. The option has a medium level of 
operation and maintenance because it is a difficult operation change to maintain over time. 
Mulch is the typical material used in planted beds on the UNC campus so enforcing a no mulch 
alternative at this site will make it difficult to continue over time as employees rotate in and out 
of the University maintenance staff. It was suggested by the UNC Energy Services Department 
that over time the reasoning for a no mulch enforcement may be forgotten. Finally this option is 
considered low disruption because it will only require rerouting of pedestrian traffic into the SRC 
building for a short time.  
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The fourth option, rerouting the walkway, is of medium effectiveness because it can 
permit the use of more effective inlets to allow runoff to enter the drainage network while still 
meeting ADA regulations. If the pathway is changed, larger inlets or inlets with different grate 
structures that reduce clogging could be used. These modifications would be to either increase 
the slot size of the inlets or alter the material surrounding the inlets so that they would be less 
likely to clog with mulch and therefore be more effective at removing water from the site. This 
option has a medium level cost and implementation process because contractors used by the 
university would complete it after an informal bidding process. The option has low operation and 
maintenance requirements because once the project is completed, only normal operation and 
maintenance is required. Finally it is considered of medium disruption because it could cause 
some vehicle traffic disruption and result in difficulties for pedestrian access to the building 
depending on where the rerouting takes place on the site. 
The fifth option, inlet resizing, is considered of low effectiveness because based on the 
model and observations during significant storms, it does not appear that the inlets at the SRC 
are undersized; increasing the sizes would have very little or no effect on removing the water 
from the site or preventing clogging at the site. This option also has a medium level cost and 
implementation process and would be put up for an informal bidding process for completion by 
contractors used by the university. This option has low operation and maintenance because it 
also requires only routine operation and maintenance after the new inlets are installed to ensure 
they are not clogged and are functioning properly. Lastly this option is considered of medium 
disruption because replacing inlets would disrupt pedestrian traffic in the area and would take a 
somewhat longer time to complete relative to the other listed options.  
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The sixth option, flood-proofing doors, is considered to have a medium effectiveness 
because while it would reduce damage by preventing water from entering the building, it would 
not route the water away from the site, limiting access to the building until the flood waters 
retreat. The option is of medium cost and implementation because a University hired contractor 
can complete it. It is of high operation and maintenance because of the training required to 
operate the door and the advanced noticed needed to seal the door (UDFCD 2001). This option 
would require training SRC employees on how and when to close the door, which is time 
consuming considering the high turnover of student employees. Finally the disruption is also 
considered high because although there might only be minor short-term impacts for pedestrian 
traffic while the doors are being installed, there is also disruption after significant storm events 
where floodwaters build up in front of the doors.  
The seventh option, pipe resizing is considered of low effectiveness because based on the 
model and observations during significant storms, it does not appear that the pipes in the SRC 
network are undersized and therefore increasing the pipe sizes would have very little or no effect 
on removing the water from the site or preventing clogging at the site. This option also has a 
medium level cost and implementation process and would be put up for an informal bidding 
process for completion by contractors used by the university. This option has low operation and 
maintenance because it also requires only routine operation and maintenance after the new pipes 
are installed to ensure they are not clogged and are functioning properly. Lastly this option is 
considered of high disruption because replacing pipes would disrupt both vehicle and pedestrian 
traffic in the area and would take a longer time to complete relative to the other listed options. 
The final option, to do nothing to the site is considered to be ineffective because there 
will be no change in the problem of flooding at the site. This option is considered high cost 
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because doing nothing to the site will result in costs from flood damages every time a significant 
storm occurs. The storm that occurred on June 13th, 2013 was considered by Sally Hoyt in the 
ESD to have a 10-25 year return period storm and resulted in $107,000 (Bristol 2013). This 
could result in damages of this significance every ten years or so or more often; although the 
June 2013 event was “on average” a 10-25 year return period storm, storms of this size or greater 
could recur more frequently. Therefore the costs in damages for doing nothing to this site could 
be very high over the long run as would operation and maintenance to repair the damage. Most 
of the options listed above would not require capital investment exceeding the $107,000 spent on 
the June 30th flood damage repair. Finally disruption would be considered high because as with 
the doors option, doing nothing to the site would also allow standing water on the site, which 
would prevent students from using the building until the floodwaters recede. 
 
CHAPTER 4
Introduction 
From comparison of technical options according to the above criteria, based on the 
findings of the hydraulic model, discussions with UNC Facilities and Energy Services employees 
and on site observations, a combination of the options presented above was determined as the 
best solution to address flooding at the SRC site. This combination includes adding new inlets to 
the SRC main entrance and basement entrance and adding mulch barriers around planter beds 
that do not currently have soldier courses.
Inlets 
The first solution, adding new inlets, would include the addition of five new beehive 
inlets, four at the entrance doors and one at the basement door. A beehive
Figure 13 (Deeter) below aims to reduce the amount of debris that prevents water from entering 
the system.  
Figure 13: Example of a beehive grate (http://www.deeter.com/products/beehive
Figures 14 and 15 indicate where t
basement doors to ensure that they are out of pedestrian walkways. The placement of these inlets 
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: RECOMMENDED SOLUTION 
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will serve to allow water to drain away from the entrance doors even if the trench drain inlets 
become clogged with mulch as they were in Figures 1 and 2.  
 
Figure 14: Placement of new beehive inlets at the SRC entrance doors 
 
Figure 15: Placement of new inlet outside SRC basement door 
New Beehive Inlet 
         Location of new beehive inlets 
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The beehive grates at the entrance doors would also be required to have distinguishing barriers 
such as a planter, stone wall or grouted rock surrounding the inlet as to visually separate the inlet 
area to meet ADA regulations. The beehive inlets placement near the doors would help capture 
water overflowing from the gutters; its raised edge and domed design helps reduce the amount of 
mulch covering the inlets and allows for more water to enter the system thus reducing or 
eliminating the runoff entering underneath the glass window and doors.  
Soldier Courses 
 The other solution is to add soldier courses along the planter beds at the SRC site that do 
not have existing ones. The soldier course is intended to prevent mulch from being washed out of 
the planter by heavy rains and into the inlets. Preventing the mulch from reaching the inlets aims 
to reduce the amount of clogging at the inlets and thus allow more water to enter the SRC pipe 
network and be routed away from the site. It is also important to note that according to Sally 
Hoyt, the UNC landscaping crews prefer to place soldier courses around mulched areas so that 
the mulch stays in place and they can spend less time moving it from the brick walkways back 
into the planted areas. The areas that require new soldier courses or for existing soldier courses 
to be extended can be seen in an aerial map depicting their locations on the site in Figure 16 
below. Figures 24-31 show close up images of the locations indicated in Figure 16.
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Figure 16: Location of new soldier courses to be added to site 
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CHAPTER 5: IMPLEMENTATION PLAN 
Introduction 
 
 The implementation plan for the recommended solution to flooding at the SRC site 
includes information about the administration requirements and approval process, scheduling, 
disruption, resource requirements, long-term operation and maintenance, technical problems, 
additional design and costs for this project. The majority of the information regarding the 
approval process, scheduling, long-term operation and maintenance and additional design 
procedures were explained during a meeting with Sally Hoyt of the ESD on June 16th, 2014. The 
administrative approval procedure is considered first, as this determines whether the project goes 
forward, and has a significant effect on the schedule.  Next, scheduling is considered, followed 
by public disruption, which respectively aim to identify a timeline for the project and potential 
disruption to campus activities. Resource requirements, long-term operation and maintenance, 
technical problems and additional design are then discussed, as they are the major components of 
the final topic, costs. 
Administrative Requirements & Approval 
 
 As this is considered to be a small repair project by the UNC ESD, only an internal 
review within the University will be required, and further review by the Town of Chapel Hill, 
Orange County, or the state of North Carolina are not required. The internal review will be 
managed by the Facilities Services Department, assisted by four other university departments.  
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The stormwater design aspects of the project and possible utility impacts (such as space conflicts 
with other utilities including gas, water, sewer and electricity) will be reviewed by the 
ESD. The Environmental Health and Safety Department will review erosion and sediment 
control. The Facilities Planning Department will review ADA regulations and UNC aesthetic 
guidelines, as well as coordinate reviews with SRC building managers. The Public Safety 
Department will review temporary impacts to transportation and their mitigation, such as the 
need for detour signs to reroute pedestrian traffic during implementation. 
 The money for this project will come from the Stormwater Utility budget within the ESD, 
which is approximately $200,000 per year for construction repair projects such as this one. The 
implementation of this project will be decided by the Facilities Services Department (FSD). The 
FSD will decide whether the project can be done by the University construction shops, such as 
the plumbing shop or masonry shop, depending on the scale of work and the time availability of 
staff and equipment. If the FSD decides that the University construction shops cannot or do not 
have enough time for the project, it will be bid out to small local contractors. Conversations with 
the ESD have established an estimate of between 2 weeks to 2 months is required for 
administrative review and approval. 
Scheduling 
 
 The scheduling for this project will ultimately be decided by the team implementing it; 
University construction shops or a contractor. It has been estimated by Sally Hoyt, with the ESD, 
that the project should take from a few days to a couple of weeks to implement depending on a 
few factors. The first is whether the building is open to students during construction. The FSD 
will try to schedule construction during the summer months or over a student holiday during the 
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school year. Since much of the project construction will occur at the entrance doors it is 
important to aim for a time period when the building is not in use.  
 The number of groups implementing the project is another factor influencing the 
schedule. If the group laying the bricks is not the same as the group installing inlets and pipes, 
scheduling conflicts and differing timelines may affect the length of construction.  
 Finally, as with all outdoor construction projects, weather, can greatly affect the timeline. 
The weather can prevent crews from being able to work, can limit the use of equipment, and can 
affect ground conditions at the site which can delay implementation time. 
Public Disruption 
 
 For this project, disruption would be limited to pedestrian traffic and should not interfere 
with vehicle traffic. Vehicle traffic on South Road and Stadium Drive should not be impacted. 
Pedestrian traffic disruption could include disruption at the SRC entrance or on surrounding 
brick pathways. If the project is implemented when the SRC building is open, one entrance door 
must remain open at all times to allow access to the building. Since the area also serves as a 
walkway for students crossing between Stadium Drive and South Road, pedestrian detour signs 
will be placed to direct the flow of traffic around the construction site. Finally, the area blocked 
off for construction will be larger than the actual work area. This ensures room for equipment 
and stockpiles that need to be kept out of pedestrian walkways. 
Resource Requirements  
 
 The resources required for this project include five beehive grate inlets, piping to connect 
new inlets to the existing SRC pipe network, and bricks and mortar for the soldier courses. Other 
resources required to construct the project include labor, equipment, tools and backfill soil or 
gravel. 
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 According to University design guidelines (Facilities 2010) all new pipes should be made 
of reinforced concrete and have a minimum diameter of 15 inches to minimize clogging. 
However, exceptions can be made to allow for smaller pipe diameters or other pipe materials 
such as HDPE or PVC if there are extenuating site conditions such as if the 2 foot minimum 
ground cover recommended by the Town of Chapel Hill (Facilities 2010), cannot otherwise be 
met. In general the ESD requests that only reinforced concrete be used so 
that in future campus projects there are fewer accidents and pipes broken. Sally Hoyt noted that 
most workers using equipment such as backhoes can identify when they hit a concrete pipe but it 
is much harder to know when the equipment hits an HDPE pipe or PVC pipe, so these are broken 
more often.  
Long-Term Operation & Maintenance 
 
 The UNC Stormwater Crew, responsible for operation and maintenance, is a small group 
that does preventive maintenance at sites on an annual basis. However the daily long term 
operation and maintenance for this project will be conducted by the university maintenance zone 
crews. These crews work on landscaping and O&M (operation and maintenance) daily in their 
zone on campus. The zone crew for the zone that includes the SRC site will be informed by the 
stormwater staff to ensure that the inlets and soldier courses are working properly, especially 
after large storm events. The added daily operation and maintenance for the new inlets and 
soldier courses is considered negligible. 
 The annual stormwater crew typically consists of two university employees. Using the 
hourly rate of each employee and the number of hours it takes to inspect each storm inlet, an 
estimated long-term O&M cost can be calculated for this project. The hourly rate for each 
employee is $35.90 and it takes the two employees one hour or less to inspect each inlet. Taking 
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into account the University standard for non-research overhead of 36%, the O&M for each inlet 
comes to about $97.65 per year. Considering all five new inlets, this is about $488 per year for 
this project.  On the advice of Sally Hoyt in the ESD there is effectively no long-term O&M 
costs for the soldier courses and therefore the total O&M of this project is about $488 per year. 
Technical Problems 
 
 Some of the technical problems during implementation of this project relate to weather, 
soil type, the age of the university and unexpected construction accidents. Adverse weather could 
make it impossible or unwise to use certain equipment or for crews to work on the site for a time; 
this is likely to extend the time of the project, but not to increase the costs significantly. Another 
technical problem can arise when the site is excavated. If the construction crew finds that the soil 
on the site is unsuitable for placing back on the site, new material will need to be brought in for 
replacement, which will increase time and costs. 
 Another set of technical constraints could arise from the age of UNC’s campus. The 
construction of UNC began in the early 1790’s (UNC News 2014), which means that there is 
always a large level of uncertainty when construction crews start digging on campus. Also, as 
with most Universities, there has been an inadequate, although improving, engineering document 
management system. Many times there are no pipe or utility plans for a site, the plans have been 
lost over time or the as built plans are not the same as what was actually constructed. As a result, 
during construction, sometimes unexpected pipes are uncovered which can result in technical 
issues in putting in new ones. 
 Finally as with all construction projects, there is always a risk of accidents on the site. 
Accidents with large equipment can damage existing pipe at the site, tools or equipment can 
break during construction or materials can break during installation which all raise technical 
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problems during the implementation of the project, and can increase the amount of time, money 
and resources required. 
Additional Design 
 
 For this project the ESD would likely request that a designer be hired before the project 
goes to the construction phase. The work done thus far comprises a preliminary design; a final 
designer would review this project, double check critical topographic information, develop 
design drawings and specifications for construction and oversee project implementation on the 
site. On the advice of the ESD it was determined that the storm drainage system north of South 
Road would not overflow and enter the SRC drainage network. Part of the additional design 
would also involve double-checking that this assumption is correct when modeling the 100-year 
return period storm. The designer would also use a sensitivity analysis to check the variability in 
100 year return storm period model results when the HGL elevations at the outfall of the system 
are varied by a few feet. The designer would be an outside civil engineering consulting firm that 
would take over for the ESD in ensuring the project as defined in this preliminary design is 
constructed and implemented correctly. 
 Costs 
 The cost of this project will include an upfront capital cost as well as long-term operation 
and maintenance costs. The capital costs, as seen in Table 2, total about $24,000, and the long-
term O&M costs are about $488 per year. Note that CY stands for one cubic yard, LF is a linear 
foot, EA stands for each and for the 15 inch pipe it is sold in segments of 6 linear feet. 
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Table 2: Capital Costs of the SRC project1 
Item          Quantity            Unit Cost         Total Cost 
Earthwork    
  Excavation 
  Demolition 
  Backfill 
42 
42 
42 
$20/CY 
$50/CY 
$28/CY 
$840 
$2100 
$1176 
Sediment & Erosion Control    
  Silt Fence 
  Inlet Protection 
200 
4 
$2.50/LF 
$100/EA 
$500 
$400 
Materials    
  Reinforced Concrete 15” pipe 
  Beehive Inlets 
  Soldier Course 
19 
5 
140 
$25/6-LF 
$450/EA 
$8.5/SF 
$475 
$2,250 
$1,190 
Site Management    
  Pedestrian Traffic Control 
  Utility Coordination 
1 
1 
$2,500/EA 
$2,500/EA 
$2,500 
$2,500 
Design Work    
  Designer 1 $10,000/EA $10,000 
TOTAL   $23,931 
 
 The costs include the earthwork, sediment and erosion control, materials, site 
management, and design work required for implementing the project. The required earthwork 
includes demolition, or removal of existing inlets and bricks, excavation for the new pipes 
connecting the new inlets to the existing pipe system, and backfill with the previously removed 
dirt and bricks once the new pipes are implemented.  
 Sediment and erosion control include a silt fence to prevent sediment from running off 
the construction site, and inlet protection to prevent damage to existing inlets within the 
construction site. The materials include the beehive inlets, stormwater pipes and bricks and 
mortar for the soldier course. Within the unit costs of the materials are the labor costs, the 
overhead costs, and profit costs.  
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 The site management includes the costs of pedestrian traffic control, which involves 
adding detour signs to the site walkways and entrances. Site management also includes utility 
coordination which involves utility locates to identify existing utilities at the site and 
conversations with utility providers such as PSNC, UNC Energy Services and OWASA. Finally 
the additional design work costs account for work done by a designer to bring the conceptual 
project to the construction phase. 
 In Figure 17, the Net Present Value (NPV) of costs is illustrated. Treating the long-term 
O&M as $488.24 in annual costs and adding the capital costs of $23,931, Equation 1 was used to 
determine the NPV of costs for the time period of 50 years (n=50) at an interest rate of 2% 
(i=.02). 
Equation 1: Annual to Present Value Calculation 
NPVcosts = CC + A*
(1+ i)n −1
i(1+ i)n





 
The time period of 50 years was estimated by Sally Hoyt to be a conservative estimate of the 
service life of the project, including the soldier courses, beehive inlets and reinforced concrete 
storm pipes. The interest rate of 2% as suggested by Sally Hoyt in the ESD, is used by the 
department for projected increases in cost such as labor, material and equipment and is therefore 
used in determining the present value of future O&M costs. Using this equation the total NPV of 
costs for a time period of 50 years is about $39,273. A sensitivity analysis was done to determine 
the impact interest rate has on future costs. The interest rates ranged from .5% resulting in an 
NPV of  $45,483 to 6% with a NPV of $31,627. The full results for the sensitivity analysis can 
be found in Table 13 in Appendix F. 
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Figure 17: Net Present Value of Costs  
 Finally it is important to compare the NPV costs to the estimated costs of damage that 
could occur if this solution is not put into place. On June 30th, 2013 a storm event flooded the 
SRC site and building, resulting in damages of about $107,000. Using the rainfall data from the 
state climate office website a local rain gauge station (KIGX) at the Horace Williams Airport, 
Sally Hoyt of the ESD was able to compare historical rainfall records from the National Oceanic 
and Atmospheric Association (NOAA 2013) to estimate return periods for varying durations of 
the storm. The return frequencies and durations for the June 30th storm can be found in Table 4 
of Appendix A. The 15-minute storm duration had a return period of 2 years, the 24-hour 
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duration had a return period of 10 years and the 3-day duration had a return period of 10-25 
years. The heavy rainfall over the 3 days preceding the June 30th storm caused mulch to overtop 
the soldier courses and clog the inlets. In addition the previous rainfall also prevented the runoff 
from the June 30th storm from infiltrating the ground, as it was already saturated. Taking into 
account all of these factors it is expected that flooding damage to the SRC could be expected to 
recur every 10-25 years, and therefore if no improvements are made to the site an estimated 
$107,000 in damages will be incurred. Therefore the NPV costs of around $39,000, for the 
service life of this project, about 50 years, are significantly less than the $107,000 that would 
accrue from damages every 10-25 years. This difference in costs suggests the large benefit that 
the University can gain by implementing this project as a solution to the problem of flooding at 
the SRC site. 
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CHAPTER 6: CONCLUSIONS 
 
 The storm that occurred on June 30th, 2013 and caused over $107,000 in flooding 
damages to the SRC indicated the need for an engineered solution to prevent or minimize the 
potential for flooding at the site. Solutions were developed specific to the SRC site and 
investigated through the StormCAD hydraulic model, discussions with various departments at 
UNC and field observations. It was concluded that of the 8 technical options available, the best 
solution was the addition of five new inlets in front of entrance doors and the expansion of 
soldier courses around planted areas on the site. The implementation plan for this solution was 
developed and an estimated cost was calculated. With an estimated net present value cost of 
$39,273 over the next 50 years, it is recommended that the University implement this solution to 
avoid the potential cost of $107,000 from flooding damages that can be expected to recur every 
10-25 years.
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APPENDICES 
Appendix A: Rainfall Data 
 
Table 3: Intensity, duration and frequency rainfall data for the SRC site (NOAA 2013) 
Precipitation frequency estimates (in inches/hour) 
Duration 
Average recurrence interval (years) 
1 2 5 10 25 50 100 
5-min 4.93 5.81 6.7 7.38 8.11 8.62 9.07 
10-min 3.94 4.64 5.36 5.9 6.46 6.86 7.21 
15-min 3.28 3.89 4.52 4.98 5.46 5.79 6.07 
30-min 2.25 2.69 3.21 3.61 4.04 4.36 4.65 
60-min 1.4 1.69 2.06 2.35 2.69 2.95 3.2 
6-hr 0.359 0.433 0.534 0.62 0.73 0.821 0.913 
12-hr 0.211 0.254 0.316 0.368 0.438 0.497 0.557 
24-hr 0.123 0.149 0.186 0.215 0.255 0.286 0.318 
 
 
Figure 18: IDF curves for the SRC site (NOAA 2013)
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Table 4: Rainfall Frequencies for Various Durations for Storm June 30th, 2013 
Duration Rainfall  (in) Ending Time  Data Used 
Frequency per NOAA 
Atlas 14 
5-minute 0.47 6/30/13 3:02 KIGX All 2-year 
10-minute 0.77 6/30/13 3:02 KIGX All 2-year 
15-minute 1.00 6/30/13 3:02 KIGX All 2-year 
30-minute 1.61 6/30/13 14:25 KIGX All 5-year 
1-hour  2.09 6/30/13 14:56 KIGX Hourly 5-year 
2-hour 3.07 6/30/13 14:56 KIGX Hourly 10-year 
6-hour 3.07 6/30/13 14:56 KIGX Hourly 5-year 
12-hour 4.25 6/30/13 14:56 KIGX Hourly 10-year 
24-hour 4.87 6/30/13 14:56 KIGX Hourly 10-year 
2-day 6.70 6/30/13 14:56 KIGX Hourly 10-year 
3-day 6.72 6/30/13 14:56 KIGX Hourly 10-year to 25-year 
4-day 7.41 6/30/13 14:56 KIGX Hourly 25-year 
7-day 7.55 6/30/13 14:56 KIGX Hourly 10-year 
10-day 8.52 6/30/13 14:56 KIGX Hourly 10-year 
20-day 9.68 6/30/13 14:56 KIGX Hourly 5-year 
30-day 15.07 6/30/13 14:56 KIGX Hourly 25-year 
45-day 18.54 6/30/13 14:56 KIGX Hourly 50-year 
60-day 18.95 6/30/13 14:56 KIGX Hourly 10-year 
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Appendix B: Rational Method and Pipe Sizing 
 
The rational method uses rainfall intensity and site characteristics to determine the peak 
inflow for a rainfall event.  These analyses are based on the methods as described by Haestad 
Methods Water Solutions text, Fort Collins Hydrology Handbook, the NCDENR BMP Manual, 
and the National Engineering Handbook.  The rational method equation, Equation 2 (Haestad 
2007, 141):  
Equation 2: Rational Method Equation 
 
 
“assumes that an equilibrium is attained such that the effective rainfall inflow rate of water onto 
a drainage basin is equal to the outflow rate of water from the basin” (Haestad 2007, 141). In 
order to determine the runoff rate the runoff coefficient, rainfall intensity and drainage area must 
be determined.  In the case of the SRC site, the area should be divided into sub-basins based on 
the topography surrounding each major inlet.  Each sub-basin consists of the total area in which 
water will flow into the sub-basin inlet due to the topography of the area surrounding the inlet.  
The site was divided into the sub-basins listed in Table 4.
 Q = CiA
where  Q = runoff rate (ac-in/hr = 1.008 cfs)
           C  = runoff coefficient 
            i = rainfall intensity (in/hr)
           A = drainage area (ac)
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Table 5: Sub-basin areas and time of concentrations 
Sub-
basin 
Total 
Area tc 
  (acre) (min) 
A 0.31 14.75 
B 0.27 11.11 
C 0.06 2.20 
D 0.06 6.83 
E 0.08 6.83 
F 0.06 1.61 
G 0.08 4.58 
H 0.09 4.45 
I 0.75 14.93 
 
Once the site has been divided into sub-basins the rational method can be used to 
determine the peak runoff inflow into each inlet.  This is done by determining the area, rainfall 
intensity and run off coefficient of each sub-basin.  In the case of the SRC site, the runoff 
coefficients should be determined based on the type of surface area (Figure 19).
Figure 19: Runoff coefficient (C) values (Haestad
Next each sub-basin time of concentration (t
initial time or overland flow time (t
characteristics of the sub-basin such as “surface slope, depression storage, surface cover, 
antecedent rainfall, and infiltration capacity of the soil, as well as distance of
48 
 
 2007, 142) 
c) should be calculated. The tc is the sum of the 
i), plus the travel time (tt).  The ti accounts for the 
 surface flow”(Fort 
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Collins 2011).  The tt is the time it takes for rainfall to travel from the most remote area of the 
sub-basin to the inlet.  The ti is estimated using Equation 3 (Fort Collins 2011): 
Equation 3: Initial flow time equation 
 
 
The runoff coefficient for 5-year frequency can be found in Table 5: 
Table 6: Runoff coefficients for type D soil for various storm return frequencies (Fort Collins 2011) 
 
According to the NC Department of Environment and Natural Resources, the hydraulic soil 
group for Orange County, the county in which the SRC site is located, is type D.  The tt is 
estimated using Figure 20:
ti =
0.395(1.1−C5) L
S0.33
Where:
ti = initial flow time (minutes)
C5 = runoff coefficient for 5-year frequency
L  = length of overland flow (ft)
S  = average basin slope (ft/ft)
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Figure 20: Velocity estimation chart based on sub-basin characteristics (NRCS 2010) 
Once the velocity has been determined the time can be determined using Equation 4:  
Equation 4: Travel time equation  
 
 
 
After ti and tt have been calculated, tc can be calculated using Equation 5 (Fort Collins 2011):
tt =
L
V
Where:
tt  = travel time (minutes)
L  = length of flow (ft)
V  = velocity of flow (ft/s)
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Equation 5: Time of concentration equation  
 
 
 Once the tc value has been calculated the rainfall intensity can be determined. Since the rational 
method is being used, the storm duration used to determine the rainfall intensity should be taken 
as equal to the sub-basin time of concentration.  After the rainfall intensity has been determined 
each sub-basin peak inflow can be calculated using Equation 2.   
To determine whether or not the current drainage system can handle the site outflow it is 
helpful to assess the normal flow capacity of the pipes in the existing network. If this capacity is 
less than that required to pass the peak discharge estimated from the rational method, there is a 
strong possibility that inadequate pipe capacity contributes to flooding at the site.  Alternatively, 
if this capacity appears adequate, it may be that runoff is unable to enter the drainage system 
quickly enough, due to perhaps inlet blockage.  To determine the required size of the pipe it must 
first be determined which sub-basins drain into the pipe.  If only one sub-basin drains into the 
pipe then the required diameter of the pipe can be calculated using Equation 6 (Haestad 2007, 
425): 
Equation 6: Required pipe diameter equation 
 
 
tc = ti + tt
Where:
tc = time of concentration (minutes)
ti = initial time (minutes)
tt = travel time (minutes)
D = 2.15*n *Q
S0.5






3
8
Where:
n = mannings pipe roughness coefficient
Q = peak flow rate (cfs)
S  = slope of the pipe (ft/ft)
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When more than one sub-basin drains into a pipe the runoff coefficient must be recalculated to 
account for the combined area using Equation 7 (Haestad 2007, 425): 
 Equation 7: Combined runoff coefficient equation  
 
 
If the flow from an upstream basin includes flow-through a pipe, the time of flow through that 
pipe is calculated using Equation 8: 
Equation 8: Time of flow through pipe equation 
 
 
The time of flow through the pipe must then be added to the tc for that basin.  The longest tc 
should be used to determine the intensity used in Equation 2 to calculate the peak flow and then 
that flow can be used in Equation 6 to determine the required pipe size.  If any pipes in the 
current drainage system are smaller than the pipe sizes calculated using the rational method, 
further rainfall modeling should be done to assess more detailed calculations on pipe size 
contributions to flooding.  Required pipe diameters for a 5 year return period storm have been 
calculated in Table 6 below.
C =
Ci * Ai∑
A∑
Where:
Ci = runoff coefficient of basini
Ai = area of basin i
A= total area of all basins
t =
L
Q
A






Where:
t= time of travel through pipe (minutes)
L= length of pipe (ft)
Q= flowrate through pipe (cfs)
A= area of pipe (ft2 )
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Table 7: Rational method calculations values for required pipe sizes for a 5 year return period 
Pipe Actual Diameter Length Slope n C i A Q 
Required 
Diameter 
  in ft %     (in/hr) (acres) (cfs) in 
1 12 135 0.03 0.014 0.53 4.6 0.3 0.75 6 
2 15 36 0.03 0.014 0.51 4.3 0.6 1.29 7 
3 15 13 0.23 0.014 0.54 4.2 0.6 1.45 5 
4 12 43 0.09 0.014 0.59 6.4 0.7 2.62 8 
5 15 26 0.07 0.014 0.54 4.3 0.1 0.18 3 
6 15 30 0.03 0.014 0.56 4.2 0.8 1.96 9 
7 18 49 0.02 0.014 0.57 4.2 0.9 2.19 10 
8 4 26 0.15 0.014 0.30 4.6 0.8 1.04 5 
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Figure 21: Map of labeled pipe network at SRC site 
Appendix C: Large Scale Maps 
 
Appendix D: StormCAD model data and setup
 
The StormCAD model was created using the academic 25
by the University of North Carolina at Charlotte. This model has three major elements used to 
analyze the SRC drainage system: inlets, catchments and pipes. 
 First the background file for the SRC site, as seen in Figure 
Figure 
This background image was only used for placement of the pipe network and did not contain any 
scaled data. All of the scaled information such as pipe lengths, catchment areas, and grate inlet 
lengths came from other sources mentioned below and were entered as data in the model. The 
background map, inlets, outfalls, manholes, conduits and catchments used in this model c
be identified in Figure 21 in Appendix C
 Next inlets were laid on the background image. The information for these inlets came 
from the UNC GIS data provided by Sally Hoyt with UNC Energy Services and the UNC 
Stormwater Map on the ESRI Ipad App. The ground elevations for inlets were found from the
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-inlet software license provided 
 
22, was added. 
22: StormCAD background image 
. 
 
 
an all 
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topographic elevation contour data using the UNC Facilities Services GIS webpage application 
(Facilities 2014a).  In this model there were catch basins (grate inlets), manholes, and outfalls. 
The information gathered for each type can be found in Tables 7-9 below. Any data that could 
not be obtained from information provided from the previously mentioned sources was measured 
on site. For all inlets ground elevation and rim elevation are assumed to be the same elevation. 
Table 8: Catch Basin model input data 
Label Elevation (Rim) (ft) 
Elevation (Invert) 
(ft) Length (ft) Width (ft) 
211-C-148 454.20 451.90 1.85 1.65 
211-C-145 451.75 445.15 1.7 1.7 
211-C-146 449.95 444.52 3.4 3 
211-C-139 445.80 444.10 1.8 1.6 
211-C-140 447.70 443.61 1.6 1.6 
211-C-098 441.71 440.45 10.4 0.85 
211-C-285 441.61 439.90 3 3 
211-C-129 445.58 441.08 2.7 2.1 
211-C-144 452.07 445.17 3 3 
211-C-134 445.61 443.32 2.5 1.6 
211-C-133 447.71 443.01 3 3 
211-C-135 447.13 441.53 3 3 
211-C-105 456.00 455.00 3 3 
211-C-274 449.00 448.20 52 0.85 
211-C-099 449.00 448.00 49 0.85 
211-C-275 447.00 446.20 3 3 
211-C-100 448.50 448.30 11.1 0.85 
211-C-102 451.00 450.30 1.5 1.5 
211-C-204 451.00 449.00 1.5 1.65 
211-C-130 453.90 450.70 3 3 
211-C-128 445.00 441.71 4 4 
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Table 9: Manhole model input data 
Label 
Elevation 
(Rim) (ft) 
Elevation 
(Invert) (ft) 
Structure 
Type 
Length (ft) Width (ft) 
211-C-284 446.21 439.79 Box Structure 3 3 
211-C-283 445.01 438.21 Box Structure 3 3 
221-D-168 440.00 435.60 Box Structure 3 3 
221-D-233 440.00 425.83 Box Structure 3 3 
 
Table 10: Outfall model input data 
Label Elevation (Rim) (ft) Elevation (Invert) (ft) Boundary Condition Type 
211-C-272 444.00 444.00 Free Outfall 
211-C-273 449.00 449.00 Free Outfall 
211-C-131 450.00 450.00 Free Outfall 
221-D-058 432.00 420.73 Free Outfall 
 
 After inlets were added, conduits (pipes), were placed connecting the inlets. The data for 
these conduits was also gathered from the UNC GIS data provided by Sally Hoyt with UNC 
Energy Services and the UNC Stormwater Map on the ESRI Ipad App and any data that was not 
available was measured on site. The data for the conduits in the SRC system can be found in 
Table 10 below. 
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Table 11: Conduit Input data 
Label Start Node Stop Node 
Diameter 
(in) 
Material 
Manning’s 
Roughness 
Coefficient 
Elevation 
Ground 
(Start) (ft) 
Elevation 
Ground 
(Stop) (ft) 
Invert 
Upstream 
(ft) 
Invert 
Downstream 
(ft) 
Length 
(User 
Defined) (ft) 
Slope 
(ft/ft) 
1 211-C-148 211-C-145 12 
Stone 
masonry 
.032 454.2 451.75 452.11 444.58 119 0.063 
2 211-C-145 211-C-146 15 Concrete .013 451.75 449.95 445.1 444.53 15 0.038 
3 211-C-146 211-C-139 15 Concrete .013 449.95 445.8 444.5 444.1 37 0.011 
4 211-C-274 211-C-139 4 PVC .010 449 445.8 448.2 444.5 9 0.411 
5 211-C-139 211-C-140 15 Concrete .013 445.8 447.7 443.83 443.61 15 0.015 
6 211-C-144 211-C-140 12 Concrete .013 452.07 447.7 445.14 443.64 43 0.035 
7 211-C-140 211-C-134 15 Concrete .013 447.7 445.61 443.61 443.22 27 0.014 
8 211-C-099 211-C-134 8 Steel .013 449 445.61 448 443.29 19 0.248 
9 211-C-134 211-C-133 15 Concrete .013 445.61 447.71 443.11 443.38 10 0.027 
10 211-C-133 211-C-135 15 Concrete .013 447.71 447.13 442.96 442.53 21 0.02 
11 211-C-100 211-C-135 4 PVC .010 448.5 447.13 448.3 442.86 14 0.389 
12 211-C-135 211-C-129 18 Concrete .013 447.13 445.58 442.38 440.98 49 0.029 
13 211-C-275 211-C-129 4 PVC .010 447 445.58 446.2 444.24 33 0.059 
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Label Start Node Stop Node 
Diameter 
(in) 
Material 
Manning’s 
Roughness 
Coefficient 
Elevation 
Ground 
(Start) (ft) 
Elevation 
Ground 
(Stop) (ft) 
Invert 
Upstream 
(ft) 
Invert 
Downstream 
(ft) 
Length 
(User 
Defined) 
(ft) 
Slope 
(ft/ft) 
15 211-C-129 211-C-284 24 Concrete .013 445.58 446.21 442.75 439.79 97 0.031 
16 211-C-284 211-C-283 24 Concrete .013 446.21 445.01 439.79 438.31 63 0.023 
17 211-C-283 221-D-168 24 Concrete .013 445.01 440 437.21 435.6 253 0.006 
19 211-C-285 211-C-283 12 Cast iron .012 441.61 445.01 439.89 438.33 123 0.013 
20 211-C-098 211-C-285 10 Cast iron .012 441.71 441.61 440.45 439.93 72 0.007 
21 211-C-102 211-C-273 4 PVC .010 451 449 450.3 449 18 0.072 
22 211-C-105 211-C-272 4 PVC .010 456 444 455 444 90 0.122 
23 211-C-204 211-C-146 8 PVC .010 451 449.95 449 444.52 5 0.896 
24 211-C-130 211-C-131 12 Concrete .013 453.9 450 450.7 450 10 0.07 
25 221-D-168 221-D-233 12 Concrete .013 440 440 435.6 425.83 17.8 0.549 
26 221-D-233 221-D-054 36 Concrete .013 440 432 425.83 420.73 339.8 0.015 
27 211-C-128 211-C-129 12 Concrete .013 445 445.58 441.71 441.08 26 0.024 
60 
 Next, catchment areas were determined for each outfall node. The catchment areas were 
drawn on the background map but scaled using the area calculator on the ESRI app. The 
catchment areas were determined based on topographic lines and observations during the May 
15th, 2014 storm. The rational C values were determined using field observations at the site and 
chosen from the Haestad Rational C values listed in Figure 19 based on ground cover type. Most 
of the ground cover types at this site were either brick pavement or grassy/planted areas and were 
therefore classified as brick paved and grass covered clay soils. The catchment intensities are 
based on the 100-year return storm period data from Table 3. The catchment areas can be seen in 
green in Figure 23 below and the data associated with each area in Table 11. 
 
Figure 23: Catchment areas on the SRC site 
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Table 12: Catchment area input data 
Label 
Area 
(acres) 
Catchment 
Intensity 
(in/h) 
Rational 
C 
Outflow 
Node 
Time of 
Concentration 
(min) 
Catchment 
Rational Flow 
(ft³/s) 
CM-2 0.21 9.07 0.357 211-C-148 5 0.69 
CM-6 0.27 9.07 0.567 211-C-145 5 1.4 
CM-7 0.05 9.07 0.458 211-C-204 5 0.21 
CM-8 0.005 9.07 0.75 211-C-146 5 0.03 
CM-9 0.01 9.07 0.75 211-C-098 5 0.07 
CM-10 0.05 9.07 0.75 211-C-139 5 0.34 
CM-11 0.06 9.07 0.383 211-C-140 5 0.21 
CM-12 0.06 9.07 0.567 211-C-144 5 0.31 
CM-13 0.002 9.07 0.75 211-C-274 5 0.01 
CM-14 0.05 9.07 0.75 211-C-285 5 0.34 
CM-15 0.008 7.035 0.75 211-C-099 10.769 0.04 
CM-16 0.05 9.07 0.75 211-C-134 5 0.34 
CM-17 0.02 9.07 0.2 211-C-133 5 0.04 
CM-18 0.05 9.07 0.64 211-C-102 5 0.29 
CM-19 0.03 9.07 0.75 211-C-100 5 0.21 
CM-20 0.01 9.07 0.75 211-C-275 5 0.07 
CM-21 0.02 9.07 0.75 211-C-135 5 0.14 
CM-22 0.11 9.07 0.75 211-C-129 5 0.75 
CM-23 0.09 9.07 0.75 211-C-105 5 0.62 
CM-24 0.78 9.07 0.1 211-C-128 5 0.71 
CM-25 0.55 9.07 0.75 211-C-130 5 3.77 
 
 Once the inlet, conduit and catchment data was entered into the model, the final outfall of 
the system was set. This level was set at the HGL for inlet 221-D-058 during the 100-year return 
period storm. The HGL for this inlet for multiple return period storms can be found in Table 12 
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below. This data was gathered from the EPA SWMM model provided by Sheila Reeves from 
RK&K. The use of this HGL level allows the StormCAD model to calculate the hydraulic profile 
upstream of this point in the system, to check whether or not the 100-year storm will cause 
flooding in the SRC pipe system. 
Table 13: EPA SWMM HGL levels at inlet 221-D-058 
Storm Return Period HGL 
Year (ft) 
2 422.23 
10 430.21 
25 433.42 
50 435.21 
100 436.52 
Rim Elevation (ft) 432 
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Appendix E: Soldier Course Additions 
 
 
Figure 24: Planter bed (A) that requires a soldier course to be added 
 
 
Figure 25: Planter bed (B) that requires a soldier course to be added 
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Figure 26: Planter bed (C) that requires a soldier course to be added 
 
 
Figure 27: Planter bed (D) that requires a soldier course to be added 
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Figure 28: Planter bed (E) that requires a soldier course to be added 
 
 
Figure 29: Planter bed (F) that requires a soldier course to be added 
66 
 
Figure 30: Planter bed (G) that requires a soldier course to be added 
 
 
 
Figure 31: Planter bed (H) that requires a soldier course to be added 
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Appendix F: Sensitivity Analysis for NPV calculations 
 
Table 14: Sensitivity Analysis of NPV with varying interest rates 
Interest 
rate % 
(i) 
Number 
of years 
(n) 
Annual 
O&M costs 
(A) 
Annual O&M 
costs as 
Present Costs 
(P) 
Capital Costs 
(CC) 
Net Present 
Value of Costs 
(NPV) 
.05 50 $488 $21,552 $23,931 $45,483 
1.0 50 $488 $19,137 $23,931 $43,068 
1.5 50 $488 $17,088 $23,931 $41,019 
2.0 50 $488 $15,342 $23,931 $39,273 
2.5 50 $488 $13,848 $23,931 $37,779 
3.0 50 $488 $12,562 $23,931 $36,493 
3.5 50 $488 $11,452 $23,931 $35,383 
4.0 50 $488 $10,488 $23,931 $34,419 
4.5 50 $488 $9,649 $23,931 $33,580 
5.0 50 $488 $8,913 $23,931 $32,844 
5.5 50 $488 $8,267 $23,931 $32,198 
6.0 50 $488 $7,696 $23,931 $31,627 
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Appendix G: Data Source Information 
 
To access the data used in this report given by Sally Hoyt of the UNC Energy Services 
Department her contact information is as follows: 
 
Sally Hoyt, P.E. 
Stormwater Engineer 
UNC-Chapel Hill 
Energy Services Department 
Desk:  919-843-8800 
sally.hoyt@energy.unc.edu 
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ENDNOTES 
 
1The cost data for the material was obtained from (“RS Means”) and the cost data for all other 
items was given by Sally Hoyt from Unit Cost Templates for other similar University Projects 
(UNC 2013a “Project ID 20130012A”, UNC 2013b “Project ID 20130010A”, UNC 2013c 
“Project ID 20130022F”)
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